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SCIENTIFIC OPINION 
Scientific Opinion on the safety and efficacy of methionine-zinc, technically 
pure as amino acid for ruminants, and as compound of trace element for all 
species
1 
EFSA Panel on Additives and Products or Substances used in Animal Feed (FEEDAP)
2, 3 
European Food Safety Authority (EFSA), Parma, Italy 
ABSTRACT 
The additive methionine-zinc, technically pure (Met-Zinc) is zinc chelated with methionine in a molar ratio 1:2. 
It is intended to be used as a source of the amino acid in ruminants, and as compound of trace element for all 
species. The additive is safe for all animal species/categories considering that its use in supplementing feed is 
first limited by the regulatory maximum content of zinc. However, its contribution to dietary methionine needs 
consideration  when  formulating  diets.  The  use  of  the  additive  will  not  modify  the  methionine  content  in 
tissues/products. Zinc from Met-Zinc would not lead to higher zinc deposition in tissues/products, and hence 
consumer exposure, than zinc from other authorised sources. The use of Met-Zinc in animal nutrition is safe for 
consumers when used up to the maximum authorised zinc level. In the absence of data, the compound should be 
considered  as  a  potential  irritant  to  skin  and  eye  and  skin  sensitiser.  Zinc  compounds  are  hazardous  by 
inhalation; Met-Zinc shows high dusting potential, thus exposure by inhalation represents a hazard to persons 
handling the additive. The use of Met-Zinc in feed as a source of zinc does not pose an additional risk to the 
environment,  compared  with  other  sources  of  zinc  for  which  it  will  substitute,  as  long  as  the  maximum 
authorised content in feedingstuffs is not exceeded. Methionine from the additive does not represent a risk to the 
environment. Based on data from a balance  study on piglets and from a study on zinc tissue deposition in 
broilers,  Met-Zinc  is  considered  an  efficacious  source  of  zinc  for  all  animal  species/categories.  The  weak 
evidence seen for Met-Zinc is insufficient to conclude on its efficacy in ruminants; however, considering also an 
EFSA opinion on DL-Met, the Panel concludes that Met-Zinc has some potential as an effective source of 
methionine for ruminants. 
© European Food Safety Authority, 2013 
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SUMMARY 
Following  a  request  from  the  European  Commission,  the  Panel  on  Additives  and  Products  or 
Substances used in Animal Feed (FEEDAP) was asked to deliver a scientific opinion on safety and 
efficacy of methionine-zinc, technically pure (Met-Zinc) as compound of trace element for all species, 
and as amino acid for ruminants. 
Based on published literature, the FEEDAP Panel concludes that additive Met-Zinc is safe for all 
animal species/categories considering that its use in feed is first limited by the regulatory maximum 
content of zinc. However, its contribution to dietary methionine needs consideration when formulating 
diets. 
Methionine  from  Met-Zinc  would  be  incorporated  into  animal  tissues  and  products,  showing  a 
constant amino acid pattern. Zinc from this feed additive would not lead to higher zinc deposition in 
tissues/products, and hence consumer exposure, than zinc from other authorised zinc sources. The 
FEEDAP Panel concludes that the use of Met-Zinc in animal nutrition is safe for consumers when 
used up to the maximum authorised level of zinc. 
In the absence of data, the compound should be considered as a potential irritant to skin and eye and a 
skin sensitiser. Zinc compounds are hazardous by inhalation; Met-Zinc shows a high dusting potential, 
thus exposure by inhalation represents a hazard to persons handling the additive. 
The use of Met-Zinc in feed as a source of zinc does not pose an additional risk to the environment, 
compared with other sources of zinc for which it will substitute, as long as the maximum authorised 
content in feedingstuffs is not exceeded. Methionine from the additive does not represent a risk to the 
environment. 
In studies comparing bioavailability of zinc from Met-Zinc and from zinc oxide, a higher digestibility 
and body retention of zinc from Met-Zinc in piglets and equivalent responses in plasma and tissue 
level of zinc in chickens for fattening fed diets were shown; consequently the additive Met-Zinc is 
considered an efficacious source of zinc for all animal species/categories. The weak evidence put 
forward for Met-Zinc is insufficient to conclude on its efficacy in ruminants; however, considering 
also the evidence reviewed in a recent EFSA opinion on the efficacy of DL-Met in ruminants, the 
FEEDAP Panel concludes that Met-Zinc has some potential to be an effective source of methionine 
for ruminants. 
The FEEDAP Panel made some recommendations with regards to the specification of the additive. Methionine zinc, technically pure 
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BACKGROUND  
Regulation  (EC)  No  1831/2003
4  establishes the rules governing the  Community  authorisation of 
additives for use in animal nutrition. Article 4(1) of that Regulation lays down that any person seeking 
authorisation for a feed additive or for a new use of a feed additive shall submit an application in 
accordance with Article 7.  Article 10(2) of that Regulation also specifies that for existing products 
within the meaning of Article 10(1), an application shall be submitted in accordance with Article 7, at 
the latest one year before the expiry date of the authorisation given pursuant to Directive 70/524/EEC 
for additives with a limited authorisation period, and within a maximum of seven years after the entry 
into force of this Regulation for additives authorised without  a time limit or pursuant to Directive 
82/471/EEC. 
The European Commission received a request from the company Lohmann Animal Health GmbH & 
Co KG
5 for  
(i) authorisation of a new use (category: nutritional additive; functional group: compounds of trace 
elements, for all species), and 
(ii) re-evaluation of authorisation (category: nutritional additive; functional group: amino acids, their 
salts and analogues, for ruminants) 
of Methionine-zinc, technically pure when used under the conditions mentioned in Table 1.  
According  to  Article  7(1)  of  Regulatio n  (EC)  No  1831/2003,  the  Commission  forwarded  the 
application to the European Food Safety Authority (EFSA) as an application under  Article 4(1) 
(authorisation of a feed additive or new use of a feed additive). EFSA received directly from the 
applicant  the  technical  dossier  in  support  of  this  application.
6  According  to  Article  8  of  that 
Regulation, EFSA, after verifying the particulars and documents submitted by the applicant, shall 
undertake an assessment in order to determine whether the feed additive complies with the conditions 
laid down in Article 5. The particulars and documents in support of the application were considered 
valid by EFSA as of 27 June 2011. 
The additive “Methionine-zinc, technically pure” is authorised as source of the amino acid methionine, 
under the category “Nutritional additives” and the functional group “Amino acids, their salts and 
analogues”.
7 The compound is not authorised as source of zinc, being this one the first application in 
the EU for such use as compound of trace elements. Other zinc compounds are authorised to be used 
as  nutritional  feed  additives  (trace  elements)  in  the  EU  by  Commission  Regulation  (EC)  No 
1334/2003
8 (modified by Commission Regulation (EC) No 1980/2005),
9 Commission Regulation (EC) 
No 479/2006,
10 by Commission Regulation (EC) No 888/2009,
11 by Commission Regulation (EU) No 
335/2010
12 and by Commission Implementing Regulation (EU) No 991/2012.
13 
The Scientific Committee on Animal Nutrition (SCAN) issued  an  opinion  on the use of zinc in 
feedingstuffs (EC, 2003a). EFSA issued opinions on the safety of the chelated forms of iron, copper, 
manganese and zinc with synthetic feed grade glycine (EFSA, 2005) and on the safety and efficacy of 
a zinc chelate of hydroxy analogue of  zinc (Mintrex
®Zn) as feed additive (EFSA,  2008a; EFSA, 
                                                       
4   OJ L 268, 18.10.2003, p.29  
5   Heinz-Lohmann-Str  4. D-27472 Cuxhaven. Germany. 
6   EFSA Dossier reference: FAD-2010-0254. 
7  Commission Directive 88/485/EEC of 26 July 1988 amending the Annex to Council Directive 82/471/EEC concerning 
certain products used in animal nutrition . OJ L 239 , 30.8.1988,p 36. 
8  OJ L 187, 26.7.2003, p.11. 
9  OJ L 318, 6.12.2005, p.3. 
10   OJ L 86, 24.3.2006, p.4. 
11   OJ L 254, 26.9.2009, p.71. 
12   OJ L 102, 23.4.2010, p. 22. 
13   OJ L 297, 26.11.2012, p. 18  Methionine zinc, technically pure 
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2009a,b), and on the safety and efficacy of tetra-basic zinc chloride for all animal species (EFSA 
2012a). EFSA has issued opinions concerning the re-evaluation (EFSA 2012b, EFSA 2012d) and a 
new use (EFSA, 2012b) of zinc sulphate monohydrate, the re-evaluation of zinc chelate of amino acids 
hydrate (EFSA, 2012c) and zinc oxide (EFSA, 2012e). EFSA has issued one opinion related to the re-
evaluation of various forms of methionine (EFSA, 2012f). 
TERMS OF REFERENCE 
According to Article 8 of Regulation (EC) No 1831/2003, EFSA shall determine whether the feed 
additive complies with the conditions laid down in Article 5. EFSA shall deliver an opinion on the 
safety for the target animal(s), consumer, user and the environment and the efficacy of Methionine-
zinc, when used under the conditions described in Table 1. Methionine zinc, technically pure 
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Table 1:  Description and conditions of use of the additive as proposed by the applicant 
Additive   Methionine-zinc, technically pure 
Registration number/EC 
No/No (if appropriate)  CAS No.:  151214-86-7           
Category(-ies) of additive  Category 3:  Nutritional additives 
Functional group(s) of additive  Functional group b: compounds of trace elements 
Functional group c: amino acids, their salts and analogues 
 
Description 
Composition, description  Chemical formula  Purity criteria 
(if appropriate) 
Method of analysis 
(if appropriate) 
Methionine-zinc, technically 
pure  C10H20N2O4SZn 
minimum  of  78.0  % 
DL-Methionine  and 
max. 18.5 % Zinc. 
Content Zinc: VDLUFA-
Methodenbuch, Band III, 
method 11.5.2  
Content DL-Methionine: 
VDLUFA-Methodenbuch, 
Band III, method 4.11.6 
 
Trade name (if appropriate)  - 
Name of the holder of 
authorisation (if appropriate)  - 
 
Conditions of use 
Species  or 
category  of 
animal 
Maximum 
Age 
Minimum content  Maximum content  Withdrawal 
period 
(if appropriate)  mg/kg of complete feedingstuffs 
3b): all animal 
species and 
categories;  
 
3c): ruminants 
-  - 
pet food:1350;  
fish and milk replacer:1080;   
other animal species: 810,  
 
the indicated maximum dosis 
are related to the maximum 
dosis of zinc for the 
indicated animal species 
- 
 
Other provisions and additional requirements for the labelling 
Specific conditions or restrictions for use (if 
appropriate)  - 
Specific conditions or restrictions for handling (if 
appropriate)  - 
Post-market monitoring (if appropriate)  - 
Specific conditions for use in complementary 
feedingstuffs (if appropriate)  - 
 
Maximum Residue Limit (MRL) (if appropriate) 
Marker residue  Species or category of 
animal 
Target tissue(s) or 
food products 
Maximum content in 
tissues 
-  -  -  - Methionine zinc, technically pure 
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ASSESSMENT 
1.  Introduction  
The additive for which authorisation is sought is methionine-zinc, technically pure (Met-Zinc), which 
is specified to contain a minimum of 78.0 % DL-methionine with zinc minimum and maximum 17.5 
and 18.5 %, respectively. The application is sought for the use of the additive as a source of zinc for all 
animal species/categories, and as a source of methionine for ruminants. 
The biological roles of zinc, its deficiency and toxicity symptoms in farm animals have been reviewed 
in a former opinion of the Scientific Committee on Animal Nutrition (EC, 2003a). To the knowledge 
of the FEEDAP Panel, there is no additional relevant information that may lead to reconsideration of 
the previous opinion; however a recent update on the biological role and toxicity of zinc is given in 
Appendix B. 
Methionine-zinc, technically pure is presently an authorised feed additive in the EU, as a source of 
methionine for ruminants but as a compound of zinc for all animal species. A similar compound, zinc 
chelate  of  hydroxy  analogue  of  methionine  zinc  bis(-2-hydroxyl-4-methylthio)butanoic  acid,  is 
authorised in the EU as a compound of trace element for all animal species.
14  
For a similar product an opinion for use in food  was adopted by the Panel on Food Additives and 
Nutrient Sources added to Food (ANS  Panel) (EFSA, 2008b). This opinion refers to zinc mono L -
methionine  sulphate,  which  was  subsequently  authorised  by  Commission  Re gulation  (EC)  No 
1170/2009 as mineral which may be used in the manufacture of food supplements. 
According  to  the  information  supplied  by  the  applicant,  the  product  Met-Zinc  is  currently 
commercialised in Europe as part of a premix for ruminants. Zinc methionine complex is approved for 
use in the United States (AAFCO, 2010). 
2.  Characterisation  
The number of batches required by Regulation 429/2008 for the analytical characterisation of the 
additive could not always be provided owing to the limited availability of production batches. 
2.1.  Characterisation of the additive  
Methionine-zinc,  technically  pure  is  a  methionine  chelate  of  zinc  with  the  molecular  formula  
Zn(C5H10O2NS)2 (CAS: 151214-86-7; molecular mass: 361.8 g/mol). The generic common name of 
the additive  is  Zinc-Methionine  1:2  (Zn(Met)2) and its  structure is  shown  in Figure  1.  Met-Zinc, 
technically pure is a white or almost white, crystalline powder that is almost odourless. Zn(Met)2 is 
practically insoluble in fats or oils and has low water solubility at neutral pH, but is highly water 
soluble below pH 3. Analysis of the particle size (v/v) by laser diffraction method (one batch) showed 
that 32 % of the particles had a diameter < 10 µm (particles of respirable size), 96 % < 50 µm and 
99 % < 100 µm (particles of inhalable size).
15 The dusting potential of one batch measured by Stauber-
Heubach method was 3.2 g/m
3.
16 A further sample of the additive blended with fat (Loprotin) showed 
zero dusting potential.
17 
 
                                                       
14   Commission Regulation (EU) No 335/2010 of 22 April 2010 concerning the authorisation of zinc chelate of hydroxy 
analogue of methionine as a feed additive for all animal species. OJ L 102, 23.4.2010, p. 22. 
15   Technical Dossier/Section II/Annex 2.1. 
16   Technical Dossier/Section II/Annex 2.19. 
17   Technical Dossier/Section II/Annex 2.20. Methionine zinc, technically pure 
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Met-Zinc,  technically  pure,  is  specified  to  contain  a  minimum  of  78.0 %  DL-methionine  and    a 
minimum and maximum zinc of 17.5 and 18.5 %, respectively.
18 In the three batches
19 of the product 
that have been analysed, the DL-methionine content was found to be 78.7–82.5 % and zinc made up 
18.0–19.5 % of the product; hence, the maximum analysed zinc exceeded the specified maximum 
content of zinc.  
Heavy metals content measured in two batches of the product and expressed as lead were 3.5 and 6.5 
mg Pb/kg.
20 In a third batch, the concentrations of cadmium, lead, mercury and arsenic  were 0.9, 2.8, 
<0.02 and <   0.1 mg/kg, respectively.
21  These  values comply with those specified in  Directive 
2002/32/EC.
22 Concentrations of dioxin and dioxin-like PCBs were reported for one batch and were 
well below legal limits (Dioxins= 0.19 ng WHO-PCDD/F-TEQ/kg; sum dioxins plus dioxin-like PCBs 
= 0.23 ng WHO-PCDD/F-PCB-TEQ/kg). In addition to these data on undesirable substances in the 
additive, the applicant submitted an analytical report on the content of heavy metals, arsenic, dioxins, 
and the sum of dioxins and dioxin-like PCBs in three batches of  zinc oxide used as raw material for 
production of Met-Zinc, technically pure.
23 Consistent with the low levels of undesirable substances in 
the additive, all analytical results showed that the levels of undesirable substances were well below the 
legal limits (Directive 2002/32/EC). 
2.2.  Characterisation of the active substance 
Both zinc and methionine are considered the active substances of Met-Zinc, technically pure. 
2.3.  Manufacturing process  
DL-methionine and zinc oxide in a molar ratio of 2:1 are dissolved in hydrochloric acid (25 % w/v). 
After all raw materials have been completely dissolved, the pH value of the solution is adjusted to 7.2 
by adding a solution of sodium hydroxide (20 % w/v) under constant stirring. The physical complex of 
zinc-methionine precipitates and is separated from the solution by filtration. The final product Met-
                                                       
18   Supplementary Information/Annex 2.03. 
19   Two batches reported in the first submitted dossier: Technical dossier/Section II.2.1.3/Table 2.1.3.1. One batch from the 
Supplementary Information/Annex 2.19. 
20   Technical Dossier/Section II.2.1.3/Table 2.1.3.1. 
21   Supplementary Information/Annex 2.19. 
22   The following target values set by Directive 2002/32/EC of the European Parliament and of the Council on undesirable 
substances in  animal feed last amended by Regulation (EC) No 219/2009 are taken for comparison: As   30 mg/kg 
compounds of trace elements, Pb 100 mg/kg compounds of trace elements, Cd 10 mg/kg compounds of trace elements and 
Hg 0.3 mg/kg calcium carbonate; dioxins 1.0 ng WHO-PCDD/F-TEQ/kg, dioxins and dioxin-like PCBs 1.5 ng WHO-
PCDD/F-PCB-TEQ/kg compound of trace elements. 
23   Supplementary Information/Annex 2.20. 
Figure 1. Structure of zinc-methionine. Zinc is bonded to both the amino and carboxyl 
moieties of the amino acid  Methionine zinc, technically pure 
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Zinc, technically pure, is then dried at 105°C to constant weight. The material safety data sheets 
(MSDSs) of the additive and the raw material used in manufacturing are enclosed in the dossier. 
2.4.  Stability and homogeneity  
2.4.1.  Stability 
2.4.1.1.  Shelf-life 
A  method  for  direct  determination  of  the  zinc  complex  in  Met-Zinc,  technically  pure  was  not 
provided.  The  stability  of  the  chelate  has,  therefore,  not  been  analysed.  Instead,  stability  was 
extrapolated from measurements of total zinc and methionine in the dried product, assuming that all 
zinc and methionine remained as the Zn(Met)2 complex. Shelf-life of the additive was tested in this 
way for three batches of Met-Zinc, technically pure, stored in polyethylene bags at 25±2°C and 60±5 
% RH for 22 months. The recovery of zinc and methionine at the end of the period was determined to 
be 101 and 107 %, respectively.
 24 These results support, albeit unverified, the claim of the applicant 
that the product can be stored for at least 18 months. 
2.4.1.2.  Stability in premixtures and feedingstuffs 
The stability of additive Met-Zinc, technically pure, was tested in a vitamin-mineral premixture for 
piglets  (one  batch)  stored  in  a  polyethylene  bag  at  20±2°C  and  60±5 %  RH  for  12  weeks.  Only 
methionine was monitored. Met-Zinc was included at a rate of 29 g/kg premixture”. At the end of the 
12-week period 102% of the initially analysed methionine (20.5 g/kg) from Met-Zinc was recovered.
25 
Stability was also examined in a cereal -soybean meal  based piglet feed (two batches) based on 
measurements of free Met (230 mg Met from  Met-Zinc and 400 mg Met from DL-Met/kg) and total 
zinc (50 mg of zinc from  Met-Zinc/kg). Pelleting (80ºC) did not affect the content of free Met, 
considering the analytical sensitivity of the method applied. Total zinc responded to pelleting by its 
increased recovery (111%). The pelleted feed stored at 20±2ºC and 60±5 % RH for 12 weeks showed 
99% zinc recovery whereas that for free methionine was 92%.
26 However, these data do not allow to 
distinguish between the stability of Met from  Met-Zinc additive and DL- Met added to feed as free 
amino acid. 
Zinc recovery  in feed from two batches  was  110 %  after  three  months;  pelleting  resulted  in  non 
significant losses. 
2.4.2.  Homogeneity 
The  ability  of  the  additive  to  be  homogenously  distributed  in  feed  was  examined  only  by  a 
mathematical method (Jansen, 1992).
  27 However, the FEEDAP Panel notes that this method was 
developed to test the working accuracy of mixing equipments, its applicability to test homogeneity has 
not been demonstrated. 
2.5.  Conditions of use 
According  to  the  applicant,  the  product  is  intended  to  supply  zinc  for  all  species,  and  Met  for 
ruminants, in final feed within EU legal limits for total zinc (maximum content: 150 mg/kg complete 
feed, except for the following: milk replacers (200 mg/kg), fish (200 mg/kg) and pet animals (250 
mg/kg complete feed)).  
                                                       
24   Technical Dossier/Section II/Table 2.4.1.1. 
25   Supplementary Information/Annex 2.22. 
26   Supplementary Information/Annex 2.23. 
27   Technical Dossier/Section II.2.4.2. Methionine zinc, technically pure 
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The applicant derived the maximum content of the additive in complete feed from the above-mentioned 
maximum zinc, resulting in: 1350 mg/kg pet feed, 1080 mg/kg fish feed and milk replacer and 810 
mg/kg feed for other animal species.  
The additive should be incorporated into complete feed via premixtures. Higher inclusion levels (e.g. in 
complementary feed) could be added directly. 
2.6.  Evaluation  of  the  analytical  methods  by  the  European  Union  Reference  Laboratory 
(EURL) 
EFSA has verified the EURL report as it relates to the methods used for the control of methionine and 
zinc in the additive and total zinc in animal feed. The Executive Summary of the EURL report can be 
found in the Appendix A. 
3.  Safety  
3.1.  Safety for the target species  
Methionine-Zinc, technically pure is very likely dissociated already in the stomach or abomasum of the 
target animals to the essential nutrients zinc and methionine and serves as source of both zinc as trace 
element and methionine as an amino acid (Lebzien et al., 1993). The requirement for data to assess the 
safety of the compound for target animals differs depending on the purpose of the application. As a 
compound of trace elements, it is a new application and safety shall be considered on the basis of data. 
As a source of an amino acid, already authorised, no data for the safety of target animals is required. 
For both active substances zinc and methionine, belonging to the category of nutritional additives, 
different legal requirements have to be adhered to. For zinc maximum contents in feed are established, 
whereas these have not been established for methionine. As a consequence, initial considerations on the 
safety of the compound for the target animal has to refer to zinc, because total zinc content in feed will 
be the limiting factor for supplying the additive to target animals. 
Zinc is well recognised to possess a low to moderate oral toxicity in farm animals when given by feed at 
high doses. Assuming a well-balanced diet, the maximum tolerable levels of zinc of 250 mg/kg for fish, 
300 mg/kg for sheep, 500 mg/kg
 for poultry and cattle, and 1000 mg/kg
 for swine were set by the 
National Research Council (NRC, 2005). By interspecies extrapolation the NRC derived maximum 
tolerable concentrations of 500 mg/kg for equine species and rodents. The few data available for pets 
allow only a conservative approximation of the maximum tolerable dietary level, which may be 500 
mg/kg diet. Consequently, the margin of safety (maximum tolerable concentration/maximum content of 
zinc authorised in feed) varies between species: 1.25 for fish, 2 for sheep, 3.3 for cattle and poultry, and 
6.7 for pigs. For the species with incomplete datasets the margin of safety is about 3 for equine species 
and rodents, and about 2 for pets. Regarding the tolerance level for fish, the FEEDAP Panel notes that 
the  literature  reports  markedly  different  values  for  different  species,  i.e.  <  100  mg/kg  for  tilapia 
(Oreochromis niloticus) and > 2000 mg/kg for carp (several species) and rainbow trout (Oncorhynchus 
mykiss) (Clearwater et al., 2002). 
Data on uptake and tissue deposition of zinc from Met-Zinc in species other than poultry do not indicate 
a greater zinc bioavalability compared with other authorised zinc sources (Van Paemel et al., 2010). 
Although the availability of zinc from Met-Zinc in poultry might be higher (131 %) than that of zinc 
sulphate (Jongbloed et al., 2002), its tolerance to zinc is relatively high, (500 mg/kg feed; NRC, 2005). 
When assessing a chelate of zinc with amino acid hydrate (EFSA, 2012c) the FEEDAP Panel stated 
that: “To the best knowledge of the FEEDAP Panel there is no indication that an overdose of zinc from 
organic sources would exert additional or different adverse effects in target species than those observed 
for zinc from established inorganic sources.”  
Consequently, the FEEDAP Panel concludes that zinc from Met-Zinc would not be less tolerable by the 
target species than zinc from other sources. Methionine zinc, technically pure 
 
EFSA Journal 2013;11(1):3038  11 
Although the regulatory requirement would demand for tolerance studies, the FEEDAP Panel considers 
that evidence of the safe use of related zinc compounds –zinc chelates with amino acids or hydroxy 
analogue  of  methionine–  is  sufficiently  demonstrated  in  published  literature  up  to  the 
currentlyauthorised maximum levels of total zinc in complete feed, thus further studies for Met-Zinc are 
not necessary. 
The potential contribution to the supply methionine to animals from the additive can be derived from 
the maximum content for zinc in feedingstuffs established by Regulation (EC) 1334/2003. To calculate 
the theoretical maximum concentration of the additive in feed, the background level of zinc is assumed 
to be 50 mg/kg (EFSA, 2012b). The maximum theoretical supplementation level of Met-Zinc would 
then be 571 mg/kg feed for all animal species except veal calves (857 mg/kg) and pet animals (1143 
mg/kg). These figures correspond to a methionine supplementation in complete feed of 0.05 % for all 
animal  species,  except  veal  calves  (0.07 %)  and  pet  animals  (0.09 %).  Considering  the  methionine 
requirement of animals and the supplementation levels used in practice, these figures would not per se 
give cause for concern, but they strongly indicate that feed compounders should take account of the 
methionine part of the additive when formulating diets in which the additive is used as a source of zinc. 
3.1.1.  Conclusions on the safety for the target species 
Methionine-zinc, technically pure is safe for all animal species considering that its use in supplementing 
feed is first limited by the regulatory maximum content of zinc. Its contribution to dietary methionine 
does not exceed 0.1 % of total methionine in the diet, but needs consideration when formulating diets. 
3.2.   Safety for the consumer  
The Scientific Committee on Food (SCF) derived a tolerable upper intake level (UL) for zinc of 25 
mg/day in adults (EC, 2003b). This is derived from a human NOAEL (No Observed Adverse Effect 
Level)) of 50 mg/day in adults for altered copper status and an uncertainty factor of 2 to allow for 
observed variability within the general population. 
3.2.1.  Metabolic and residue studies  
Methionine-Zinc, technically pure is very likely dissociated already in the stomach or abomasum of the 
target animals to the essential nutrients zinc and methionine. 
Interactions with a number of dietary factors influence zinc uptake. Ligands, such as phytate, form 
insoluble complexes with zinc and prevent its absorption. Calcium increases the binding of zinc by 
phytate.  Larger  doses  of  calcium  can  decrease  net  zinc  absorption.  High  iron  content  in  the  diet 
decreases zinc absorption. Earlier reports indicated that folic acid can also inhibit zinc retention and 
metabolism but more recent evidence indicates that folic acid does not adversely affect zinc status. 
Copper and zinc compete for absorption. Some amino acids are thought to facilitate zinc absorption 
(EFSA, 2006), although this has not been consistently demonstrated.  
The metabolic behaviour of zinc has been discussed in detail by the SCF (EC, 2003b) and it has been 
briefly described, including zinc tissue distribution, by the FEEDAP Panel (EFSA, 2008a): “Within the 
range of homeostatic regulation, tissue storage of zinc increases only slightly as dietary zinc increases, 
this not being the case in the presence of excessive amounts of the metal (NRC, 1980). In general, the 
zinc content of liver, kidney and muscles remains low when zinc is used about requirement levels; 
however,  with  additional  zinc  intake  within  authorised  levels,  zinc  content  in  liver  and  kidney  is 
increased while muscle zinc remains essentially unchanged (Jenkins and Hidiroglou, 1991).” To the 
knowledge of the FEEDAP Panel, there are no new data available that would modify that statement. 
Methionine is an essential amino acid and it is incorporated into normal metabolic processes. Methionine zinc, technically pure 
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3.2.2.  Toxicology studies  
No toxicological studies specific to the additive were provided by the applicant. The FEEDAP Panel is 
not aware of any toxicological information on Met-Zinc. 
As Met-Zinc dissociates into its two components, which are both essential nutrients, the toxicity profile 
is  expected  to  reflect  those  of  zinc  and  methionine  individually.  Methionine  from  Met-Zinc  is 
completely metabolised and therefore not of toxicological concern. Therefore, with regard to consumer 
safety, the FEEDAP Panel retains zinc as the component of potential toxicological significance. 
The toxicological properties of zinc have been discussed in detail by the SCF (EC, 2003b). It has low 
oral  acute  toxicity  resulting  in  gastrointestinal  distress  with  clinical  signs  of  nausea,  vomiting, 
abdominal  cramps  and  diarrhoea  (at  2–8  mg/kg  body  weight  per  day  in  different  species).  Some 
positive results in genotoxicity tests were observed. In the view of the SCF, the weight of evidence from 
the in vitro and in vivo genotoxicity tests supports the conclusion that zinc, notwithstanding some 
positive findings at chromosome levels at elevated doses, has no biologically relevant genotoxicity 
activity (reviewed by the World Heath Organization: WHO, 2001). This conclusion is supported by the 
US Agency for Toxic Substances and Disease Registry (ATSDR, 2005). One of the most sensitive and 
well-described effects of chronic excess zinc intake is a depressed copper uptake with the associated 
effects of copper deficiency (reviewed by Maret and Sandstead, 2006).  
Methionine is an essential amino acid and its final concentration in animal proteins is given by genetic 
information, independent of its intake from feed.  
3.2.3.  Consumer exposure  
The use of Met-Zinc in feed is quantitatively limited by the maximum contents set for total dietary zinc 
in complete feed. Consequently, Met-Zinc can only be used as other zinc-containing compounds for 
which  it  might  substitute  regardless  of  the  functional  group  to  which  the  additive  is  attributed 
(compound of trace element or amino acid for ruminants). 
There is no available information on consumer exposure to Met-Zinc per se.  
3.2.3.1.  Exposure to zinc 
The exposure of consumers to zinc from the consumption of food derived from animals fed with Met-
Zinc treated-feed can be estimated in a first attempt by a comparison of the bioavailability of zinc from 
Met-Zinc and from other authorised zinc sources. Based on intensive investigations, Jongbloed et al. 
(2002) report the relative bioavailability of zinc from Met-Zinc  in pigs and ruminants as 102, and in 
poultry  as  131  (zinc  sulphate=  100).  The  absence  of  specific  effects  of  Met-Zinc  in  ruminants  is 
supported by an expert report submitted by the applicant,
28 which reported no effect on the zinc content 
of milk from dairy cows fed additional 2228 mg zinc from Met-Zinc. The apparently higher availability 
of zinc from Met-Zinc in poultry is also confirmed in tendency by deposition studies (five chickens for 
fattening per treatment, 150 mg supplemental  zinc from zinc oxide or Met-Zinc/kg complete feed, 40 
days duration) resulting in higher concentrations only in muscle and kidney and not in liver and fat.
29  
The contribution of poultry muscle to the UL for zinc (25 mg/person and day), using the default values 
of EU food consumption for high-consuming adults (EFSA, 2012g), would be in the case of ZnO 7.5 % 
(290 g muscle   6.46 mg Zn/kg for ZnO= 1.87 mg/day) and in the case of Met-Zinc 9.4 % (290 g 
muscle   9.13 mg Zn/kg for ZnO= 2.70 mg/day). The difference amounts to an absolute value of 
approximately 0.8 mg/day. This increase is considered to be of numerical nature only and probably out 
of the accuracy such exposure calculations can normally show. The contribution of consumption of 
kidney to zinc exposure is considered insignificant because of the small amounts consumed of that 
organ (15 g/day; EFSA 2012g). It is therefore concluded that the use of Met-Zinc would not result in an 
                                                       
28   Supplementary Information/Annex 3.2.09. 
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increase of the exposure of consumers to zinc compared with that resulting from the use of zinc oxide in 
animal feed. 
3.2.3.2.  Exposure to methionine 
Methionine is an essential amino acid and its final concentration in animal proteins is determined by 
genetic information independently  of  its intake  from  feed.  Therefore,  the  use  of  Met-Zinc  as  feed 
additive will not result concentrations of methionine in food of animal origin that are higher than are 
the normal physiological concentrations. 
3.2.4.  Conclusions on the safety for consumers  
The use of Met-Zinc as a source of methionine and zinc in animal nutrition would not result in an 
increased exposure of the consumers to methionine or zinc (zinc from Met-Zinc compared with zinc 
from zinc oxide). The FEEDAP Panel concludes that the use of the additive as a source of amino acid 
for ruminants from the beginning of rumination or as a source of zinc for all animal species is safe for 
consumers. 
3.3.  Safety for the user  
No studies were provided by the applicant. 
In the absence of data provided, the compound should be considered as a potential irritant to skin and 
eye  and  a  skin sensitiser.  Based  on dusting  potential and  particle  size  distribution  of  the additive, 
inhalation and respiratory exposure of users may occur. Zinc can be toxic by inhalation (ATSDR, 
2005). In the absence of information on the toxicology of Met-zinc by inhalation and on the level of 
exposure  of  users,  the  FEEDAP  Panel  considers  it  prudent  to  regard  inhalation  of  Met-Zinc  as 
hazardous. 
3.3.1.  Conclusions on the safety for the user 
In the absence of data, the compound should be considered as a potential irritant to skin and eye and a 
skin sensitiser. Zinc compounds are hazardous by inhalation; Met-Zinc shows a high dusting potential, 
thus exposure by inhalation represents a hazard to persons handling the additive. 
3.4.  Safety for the environment  
No studies were provided by the applicant. 
Met-Zinc dissociates after ingestion. Consequently for a use of this additive in animal nutrition both its 
components zinc and methionine are considered in the assessment of environmental safety. 
3.4.1.  Zinc 
During the use of zinc-containing feed additives, zinc is unavoidably released into the environment. 
When used in livestock, zinc excreted in the faeces will enter the soil environment when the faeces are 
applied as a fertiliser to land, in the form of manure, slurry or litter. This might present two main 
potential risks: 
  zinc  accumulation  within  the  topsoil  to  concentrations  posing  potential  toxic  risks  to  soil 
organisms; 
  leaching of zinc from soil to surface waters in concentrations posing potential toxic risks to 
organisms resident in the water column and bottom sediments. 
When used in aquaculture, trace elements such as zinc may be released directly to the broader aquatic 
environment  around  an  aquaculture  facility  or  be  taken  up  by  fish  and  then  excreted  into  the 
environment. As stated in the EFSA technical guidance (EFSA, 2008c), the compartment of concern for Methionine zinc, technically pure 
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fish farmed in cages is assumed to be the sediment, whereas for fish farmed in land-based systems the 
effluent flowing to surface water is considered to pose the main environmental risk. 
EFSA commissioned a study on the environmental impact of zinc and copper used in animal nutrition 
(Monteiro et al., 2010). The results of this study were used as the basis for the present opinion. 
To  assess  the  potential  risks  associated  with  the  use  of  zinc  compounds  as  additives  in  feed  for 
terrestrial animals, a model was used that integrates the physico-chemical and hydrological processes 
that determine the accumulation and leaching of metals in soil. Input rates of metals resulting from the 
use  of  feed  additives  and  spreading  of  animal  manure  on  the  land  were  based  on  the  maximum 
allowable metal contents of feed additives for different livestock types based on maximum allowable 
rates of nitrogen input of 170 kg/ha/yr. Calculation of concentrations in surface water (as dissolved 
metal) and sediment (as total sediment metal) was done based upon the Forum for the Coordination of 
Pesticide Fate Models and Their Use (FOCUS) scenario methodology and taking into consideration the 
speciation in the environment. More specific information on the parameterisation and assumption made 
is given in the report. 
The  predicted  no  effect  concentrations  (PNECs)  for  the  different  compartments  were  calculated 
following the same methodologies as presented in the EU risk assessment report for zinc by correcting 
for bioavailability based on the assumed soil and water chemistry of the different scenarios. Likewise, it 
was decided to use the added PNEC approach for zinc. 
The environmental risks of zinc arising from aquaculture were assessed using the exposure models 
recommended in the technical guidance (EFSA, 2008c). The estimated concentrations in surface water 
resulting  from  the  use  of  zinc  compounds  as  feed  additives  for  different  fish  species  farmed  in 
raceways, ponds, tanks and recirculation systems and the estimate concentration in sediment arising 
from the use of feed additives in sea cage were all below the PNEC and therefore do not give rise to 
concern. 
Concerning  terrestrial  environment,  the  predicted  environmental  concentrations  (PECs)  in  soil 
simulated over a 50-year period of manure application did not exceed the PNEC for terrestrial species 
in any model scenario developed. This is in accordance to the finding of De Vries et al. (2004), who 
calculated future zinc concentration after 100 years based on geo-referenced data on zinc inputs and 
calculated uptake and leaching.  
For the water compartment, a potential risk was identified for one drainage scenario and two run-off 
scenarios. Two of these scenarios represent acidic soil types (i.e. an acidic sandy soil and acidic sandy 
loam). For these scenarios the surface water PNEC is predicted to be exceeded by a factor of 3 after ten 
years by the continuous application of any manure type, and up to 5 after 50 years.  
Predicted concentrations in the sediments of receiving waters, derived from erosion of metal-enriched 
particles and transport in drainage and runoff, responded dramatically to increases in zinc inputs due to 
manure  application.  Potential  risks  were  predicted  after  ten  years’  continuous  application  for  all 
FOCUS scenarios identified in the EFSA technical guidance (EFSA, 2008c) and all manure types. In 
most cases the PNEC is exceeded by a factor of more than 10, especially for acidic soil types. In the 
view of the FEEDAP Panel, these findings should be treated with caution as further refinements are 
feasible,  e.g.  by  taking  into  account  the  surface  water  chemistry  of  the  locations  of  the  FOCUS 
scenarios, more updated bioavailability models, resuspension and washout of deposited sediment and 
chemical transformation of trace elements in the sediment following deposition (i.e. formation of acid 
volatile sulphide and metal sulphides).  Methionine zinc, technically pure 
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The FEEDAP Panel is also aware that the environmental impact of zinc is also under scrutiny within the 
EU framework on Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH).
30 
Therefore, additional data submitted to the European Chemicals Agency (ECHA) may support further 
refinement of PNECs for the different environmental compartments for the assessment of zinc in animal 
nutrition. 
3.4.2.  Methionine 
Methionine  as  amino  acid  is  a  physiological  and  natural  component  in  animals  and  plants.  After 
dissociation of the ingested additive, methionine is not excreted as such (but as urea/uric acid, sulphate 
and CO2). Therefore the use of Met-Zinc in animal nutrition would not lead to any localised increase in 
the concentration of methionine in the environment. 
3.4.3.  Conclusions on safety for the environment 
Based on the assessment above, the use of Met-Zinc as a feed additive does not pose a direct concern 
for the agricultural soil compartment. However, there is a potential environmental concern related to 
groundwater, drainage and the runoff of zinc to surface water. Acid sandy soils are most vulnerable to 
these processes. In order to draw a final conclusion, some further refinement to the assessment of zinc-
based feed additives in livestock needs to be considered, for which additional data would be required.  
The use of zinc-containing feed additives in aquaculture up to maximum authorised zinc level in feeds 
is not expected to pose an appreciable risk to the environment. 
Methionine from the additive does not represent a risk to the environment. 
4.  Efficacy  
4.1.  Efficacy as a source of trace element for all animal species 
Evidence of in vivo bioavailability can be taken to support efficacy for compounds of essential trace 
elements. One trial in a single animal species/category, including laboratory animals, is considered 
sufficient.  
4.1.1.  Piglets 
A short-term balance/digestibility study was carried out on 21 weaned crossbred gilts, progeny of Large 
White sows and a Landrace boar, with initial mean body weight of 24.2 kg, allotted into three groups 
with seven piglets in each and housed individually.
31 A five-day adaptation period was followed by the 
treatment period within which animals  of  the  control group were fed u nsupplemented diet ( zinc 
background 59 mg/kg complete feed) whereas groups 2 and 3 were given diets supplemented with 100 
mg Zn/kg from zinc oxide and 10 mg Zn/kg from Met -Zinc, respectively. Dietary supplementation of 
zinc was analytically confirmed. The diet was based on maize, soybean meal, barley and rapeseed meal. 
After ten days animals continuing on dietary treatments were placed in metabolic cages for quantitative 
collection of faeces and urine (four days) to assess the digestibility and retention of zinc. Blood samples 
were collected on day 20 of trial.  
No significant differences were observed on zootechnical performance (average body weight gain 520 
g/day; feed intake: 1400 g/day, feed to gain ratio: 2.69) during 10 -day pre-balance period. However, 
owing to the short duration, these data are not  considered further. The plasma zinc level in piglets 
treated with Met-Zinc was not significantly different from unsupplemented control, however it was 
                                                       
30   Regulation  (EC)  No  1907/2006  of  the  European Parliament  and  of  the  Council  of  18  December  2006  concerning  the 
Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH), establishing a European Chemicals Agency, 
amending Directive 1999/45/EC and repealing Council Regulation (EEC) No 793/93 and Commission Regulation (EC) No 
1488/94 as well as Council Directive 76/769/EEC and Commission Directives 91/155/EEC, 93/67/EEC, 93/105/EC and 
2000/21/EC. OJ L 396, 30.12.2006, p. 1. 
31   Technical Dossier/Section III/Annex 3.1. Methionine zinc, technically pure 
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lower than that in the group treated with 10-fold greater dose of zinc from zinc oxide. However, the 
body retention of zinc (as a percentage of its intake) was significantly higher in piglets treated with 
Met-Zinc than in the control animals or the zinc oxide-treated group. Zinc supplementation from Met-
Zinc resulted in significantly higher apparent zinc digestibility than that of zinc oxide; no difference 
was found in its comparison with the unsupplemented group (Table 2). Despite some weaknesses in the 
experimental design (e.g. too big a difference between the dose of zinc from zinc oxide and that of the 
additive under assessment), the results support the efficacy of Met-Zinc as a source of trace element. 
Table 2:  Effect of feed supplementation (for 15 days) with zinc from zinc oxide or Met-Zinc on 
plasma zinc level, zinc body retention and apparent zinc digestibility in piglets 
Source of zinc  Unsupplemented control  Zinc oxide  Met-Zinc 
Zn supplemented (mg/kg feed)  -  100  10 
Zn analysed (mg/kg feed)  59  175  82 
Plasma Zn (mg/L)  0.9
ab  1.4
b  0.8a 
Zn body retention (% of Zn intake)  43
a  38
a  51b 
Apparent Zn digestibility (%)  44
ab  38
a  52b 
a, b: Means with different superscript letters within a row are significantly different (P≤ 0.05) 
4.1.2.  Chickens for fattening 
A  total  of  110  eight-day-old  chickens  for  fattening  (Ross  708)  was  allocated  to  four  groups  (no 
replicates, no information on number of birds per group) and fed diets supplemented according  to 
treatment: two groups with 150 mg zinc/kg from zinc oxide plus 300 or 2000 µg biotin, and two groups 
with  150  mg  zinc/kg  from  Met-Zinc  plus  300  or 2000  µg  biotin.
32 The zinc supplementation was 
analytically confirmed. As the study was primarily focused on prevention of foot-pad dermatitis, there 
was  no control group fed  a  diet containing only background zinc. At age 40 days, five birds per 
treatment were slaughtered and  blood  samples were collected for zinc analysis. Samples of liver, 
kidney, muscle and fat were analysed for zinc deposition only in five birds from the two groups with the 
lower biotin supply.  
There were  no differences in body weight between groups; however in absence of replicates the data on 
zootechnical performance were not considered further. Neither plasma zinc level n or zinc content in 
liver and fat were affected by the different dietary sources  of zinc. Zinc concentration in muscle and 
kidney  was  significantly  higher  in  birds  fed  the  diet  with  zinc  from  Met -Zinc  than  in  those 
supplemented with zinc oxide (Table 3). Although the study allows only limited conclusions due to the 
absence of an unsupplemented control group, zinc from Met-Zinc appears to be at least as available as 
zinc from zinc oxide in feeding chickens for fattening. 
Table 3:  Plasma and tissue mean zinc levels in plasma and tissues of chickens for fattening fed diets 
supplemented with 150 mg Zn/kg from either Met-Zinc or zinc oxide 
Source of zinc  Zinc Oxide  Met-Zinc 
  + 300 µg biotin  + 2000 µg biotin  + 300 µg biotin  + 2000 µg biotin 
Zn supplemented (mg/kg feed)  150  150  150  150 
Zn analysed (mg/kg DM feed)  181  182  204  201 
Plasma Zn (mg/L)  1.2  1.3  1.6  1.9 
Tissue Zn (mg/kg)         
Liver  26.3  -  23.3  - 
Kidney  20.9  -  22.7
*  - 
Muscle  6.5  -  8.1
*  - 
Fat  3.7  -  2.6  - 
* P< 0.05 
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4.2.  Efficacy as a source of amino acid for ruminants from the beginning of rumination 
In general, efficacy studies are not required for amino acids that occur naturally in plant and animal 
proteinsor for amino acid salts and analogues already authorised as feed additives. Consequently, if an 
application is made for use of an amino acid in ruminants, it will be assessed only as a dietary amino 
acid that has the potential to reach the sites of intestinal absorption. Studies demonstrating that the 
substance  under  application  (partially)  escapes  rumen  fermentation  by  measuring  the  increase  in 
plasma levels or, in particular, the duodenal influx  would fulfil this requirement. 
Only abstracts and non peer-reviewed papers on in vitro and in vivo studies were accessed for an 
assessment. All the information normally required was not available from the sources owing to some 
limitations in the reporting. In a study by Lebzien et al. (1993), an increase in plasma methionine in 
dairy cows was described after application of Met-Zinc (but also of DL-methionine) and interpreted as 
indication  of  duodenal  absorption.  Nevertheless,  there  are  some  doubts  (Cook  et  al,  1961; 
Goshtasbpour-Parsi et al., 1977; Smith and Boling, 1984; Webb et al., 1993) whether an increase in 
plasma methionine reflects duodenal absorption only. However, other studies (Doil, 1985; Lebzien et 
al., 1993) found a slight but non-significant increase in the nitrogen influx into the duodenum after Met-
Zinc supplementation to dairy cows. An in vitro trial (Heinrichs and Conrad, 1983) showed that Met-
Zinc  added as the only source of nitrogen into nitrogen-free complete medium with mixed rumen 
inoculum  was not utilised in microbial protein synthesis for 96 hours, whereas urea or DL-methionine 
induced growth of bacterial mass. Similar results suggesting on lower availability of methionine from 
Met-Zinc than from DL-methionine when added as the only source of nitrogen to an artificial rumen 
system were described in a trial report provided by the applicant.
33 These findings can be taken only as 
indirect evidence  that the substance is not degraded by rumen bacteria.  Quantitative data on the 
resistance of the additive to ruminal degradation were not found.  The FEEDAP Panel notes that  the 
evidence that Met -Zinc escapes  ruminal degradation is weak and comes from   non-peer-reviewed 
publications. 
In its opinion on different forms of methionine (EFSA, 2012f), the FEEDAP Panel summarised that 
methionine (as other amino acids) when fed to ruminants is rapidly degraded by the ruminal flora. 
However the Panel made reference to data published by Volden et al. (1998) reporting a ruminal bypass 
rate of 20 % by unprotected L -Met. Based on this finding, the FEEDAP Panel finally concluded that 
DL-Met can be used in ruminants ; the Panel added “particularly when used in specially formulated 
additives  or  complementary  feedingstuffs  to  protect  them  against  degradation  by  the  ruminal 
microbiota”. This conclusion supported the request of the applicant for an authorisation of DL-Met for 
all animal species (EFSA, 2012f).  
The FEEDAP Panel considers it unlikely that Met-Zinc will be degraded to a higher extent by the 
ruminal microbiota than the fully unprotected DL-Met. 
4.3.  Conclusions 
4.3.1.  Conclusions on efficacy as trace element for all animal species 
Studies  comparing  the  bioavailability  of  zinc  from  Met-Zinc  and  zinc  oxide,  showed  a  higher 
digestibility and body retention of zinc from Met-Zinc in piglets and equivalent responses in the plasma 
and tissue levels of zinc in chickens for fattening; consequently, the additive Met-Zinc is considered an 
efficient source of zinc for all animal species/categories. 
4.3.2.  Conclusions on efficacy as a source of amino acid for ruminants 
The weak evidence put forward for Met-Zinc is insufficient to conclude on its efficacy in ruminants. 
However, considering also the evidence reviewed in a recent EFSA opinion on the efficacy of DL-Met 
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in ruminants, the FEEDAP Panel concludes that Met-Zinc has some potential to be an effective source 
of methionine for ruminants. 
5.  Post-market monitoring  
No risks associated with the use of the product are foreseen. It is considered that there is no need for 
specific  requirements  for  a  post-market  monitoring  plan  other  than  those  established  in  the  Feed 
Hygiene Regulation
34 and Good Manufacturing Practice. 
CONCLUSIONS AND RECOMMENDATIONS  
CONCLUSIONS 
The  FEEDAP  Panel  concludes  that  additive  methionine-zinc  (Met-Zinc)  is  safe  for  all  animal 
species/categories  considering  that  its  use  in  supplementing  feed  is  first  limited  by  the  regulatory 
maximum content of zinc. However, its contribution to dietary methionine needs consideration when 
formulating diets. 
Methionine from Met-Zinc would be incorporated into animal tissues and products, showing a constant 
amino  acid  pattern.  Zinc  from  this  feed  additive  would  not  lead  to  higher  zinc  deposition  in 
tissues/products, and hence consumer exposure, than zinc from other authorised sources. The FEEDAP 
Panel concludes that the use of Met-Zinc in animal nutrition is safe for consumers when used up to the 
maximum authorised level of zinc.  
In the absence of data, the compound should be considered as a potential irritant to skin and eye and a 
skin sensitiser. Zinc compounds are hazardous by inhalation; Met-Zinc shows a high dusting potential, 
thus exposure by inhalation represents a hazard to persons handling the additive. 
The use of Met-Zinc in feed as a source of zinc does not pose an additional risk to the environment, 
compared with other sources of zinc for which it will substitute, as long as the maximum authorised 
content in feedingstuffs is not exceeded. Methionine from the additive does not represent a risk to the 
environment. 
In studies comparing bioavailability of zinc from Met-Zinc and from zinc oxide, a higher digestibility 
and body retention of zinc from Met-Zinc in piglets and equivalent responses in plasma and tissue level 
of zinc in chickens for fattening fed diets were shown; consequently the additive Met-Zinc is considered 
an efficacious source of zinc for all animal species/categories. The weak evidence put forward for Met-
Zinc is insufficient to conclude on its efficacy in ruminants. However, considering also the evidence 
reviewed  in  a  recent  EFSA  opinion  on  the  efficacy  of  DL-Met  in  ruminants,  the  FEEDAP  Panel 
concludes that Met-Zinc has some potential to be an effective source of methionine for ruminants. 
RECOMMENDATIONS 
The minimum methionine and zinc contents of the additive should be aligned with the levels set in 
Commission  Directive  88/485/EEC:  minimum  80 %  methionine  and  maximum  18.5 %  zinc.  A 
minimum zinc content in the additive should also be specified. 
The chemical formula described in the Description and conditions of use of the additive as proposed by 
the applicant (Table 1), should be amended to C10H20N2O4S2Zn. 
The maximum content (mg/kg of complete feedingstuffs) in Table 1 should be given as the maximum 
authorised total zinc content in complete feedingstuffs. 
                                                       
34   Regulation (EC) No 183/2005 of the European Parliament and of the Council of 12 January 2005 laying down requirements 
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GENERAL REMARKS 
Current knowledge on the zinc requirements of animals indicates the potential to considerably reduce 
the  current  maximum  content  for  dietary  zinc  without  affecting  animal  health  and  welfare  and 
productivity of animal husbandry. The reduction of the maximum content for zinc would decrease the 
zinc  load  in  the  environment. The  simultaneous  use  of  phytases opens  further  possibilities for the 
reduction of dietary zinc in animal nutrition. A new assessment of the zinc requirements/allowances of 
animals would provide the basis from which to react if a need for action arises from another relevant 
field such as ecology. 
The FEEDAP Panel notes that problems of high zinc concentrations in drainflow and runoff, once 
established, would be difficult to remediate; therefore,  it is recommended to assess soil sensitivity 
before drawing up policies on manure application. 
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APPENDICES 
APPENDIX A 
Executive Summary of the Evaluation Report of the European Union Reference Laboratory for Feed 
Additives on the Method(s) of Analysis for Mehionine-zinc
35 
In the current application authorisation is sought under article articles 4(1) and 10(2) for methionine -
zinc under the categories of "nutritional additives" functional group 3b (compounds of trace elements) 
and functional group 3c (amino acids, their salts and analouges), according to the clas sification system 
of Annex I of Regulation (EC) No 1831/2003. Specifically, authorisation is sought for the use of the 
feed additives in group 3b for all categories and species and in group 3c for ruminants. 
According to the Applicant methionine -zinc is a  white or almost white crystalline powder with a 
minimum content of 78% DL-methionine and a maximum content of 18.5 % total zinc. 
The feed additive is intended to be used in premixtures, feedingstuffs, complementary feed or in feed 
supplements. The Applicant suggested maximum levels ranging from 150 to 250 mg total zinc/kg 
feedingstuffs depending on the species of concern, as set in the previous legislation. 
For the quantification of methionine in feed additive, the Applicant proposed the ring -trial validated 
VDLUFA method. This method is the basis of the internationally recognised methods ISO CD 17180 
and AOAC 999.13. This method applies for the determination methionine content in commercial amino 
acid  products  and  premixtures,  using  an  amino  acid  analyzer  o r  High  Performance  Liquid 
Chromatography (HPLC) equipment. The method does not distinguish between the salts and the amino 
acid enantiomers. The following performance characteristics were reported in the ISO CD 17180 
standard for products with a methionine content between 9.1 % and 93 %: 
- a relative standard deviation of repeatability (RSDr) ranging from 0.5 to 1.6 % and 
- a relative standard deviation for reproducibility (RSDR) ranging from 1.5 to 2.6 %. 
Based on the performance characteristics presented, the EURL recommends for official control the ISO 
CD 17180 method, based on ion exchange chromatography coupled with post -column derivatisation 
and photometric or fluorescence detection to quantify methionine in feedadditive. 
For the determination of total  zinc in the feed additive, premixtures and feedingstuffs the Applicant 
proposed a ring-trial validated VDLUFA method. The EURL identified instead two alternative CEN 
ring trial validated methods: 
-  EN 15510, based on inductively coupled plasma atomic emis sion spectroscopy (ICP-AES). The 
following performance characteristics were reported:  -  RSDr ranging from 1.7 to 8.8 %;  -  RSDR 
ranging from 5.0 to 19 %; and - a limit of quantification (LOQ) of 3 mg/kg. 
-  CEN/TS  15621,  based  on  ICP -AES  after  pressure  diges tion.  The  total  zinc  concentration  is 
determined using external calibration or standard addition technique. The following performance 
characteristics were reported for a feed for pigs, and for sheep, a rock phosphate, a mineral premix and 
a mineral mix, where the total zinc content ranged from 26.6 to 3618 mg/kg:  - RSDr ranging from 1.5 
to 5.4 %; - RSDR ranging from 2.7 to 22 %; and - LOQ = 1 mg/kg feedingstuffs. 
Furthermore, the EURL reminds that a Community method is available for the determination of tot al 
zinc in feedingstuffs, with limited performance characteristics provided. However, the UK Food 
                                                       
35   The full report is available on the EURL website. http://irmm.jrc.ec.europa.eu/SiteCollectionDocuments/FinRep-FAD-2010-
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Standards Agency recently organised of a ring-trial based on the above mentioned Community method, 
and reported precisions (RSDr and RSDR) for feedingstuffs ranging from 1.0 to 9.5 %. 
Based on the acceptable method performance characteristics presented, the EURL recommends for 
official control the CEN methods EN 15510 or CEN/TS 15621 to determine total zinc content by ICP-
AES  in  the  feed  additive  and  premixtures.  As  for  the  determination  of  total  zinc  content  in 
feedingstuffs, the EURL recommends for official control the Community method based on AAS and the 
above mentioned CEN methods (EN 15510 or CEN/TS 15621). 
Further  testing  or  validation  of  the  methods  to  be  performed  through  the  consortium  of  National 
Reference Laboratories as specified by Article 10 (Commission Regulation (EC) No 378/2005) is not 
considered necessary. Methionine zinc, technically pure 
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APPENDIX B 
Update on the biological role and toxicity of zinc  
Zinc is a trace element that is essential to all known organisms, and it is the second most abundant trace 
element, after iron, in most vertebrates. Zinc is required for a variety of basic biological processes, 
including metabolism of proteins, nucleic acids, carbohydrates and lipids, and it is also involved in 
more  complex  processes,  such  as  the  immune  response,  neurotransmission  and  cell  signalling 
(Coleman, 1992; Beyersmann, 2002; Murakami and Hirano, 2008). It has been estimated that there are 
approximately 3 000 zinc proteins in humans (Passerini et al., 2007). Almost all of the zinc in cells is 
bound to proteins, peptides and amino acids, but there is a minute fluctuating pool of labile cytosolic 
Zn
2+, which is involved in cell signalling pathways (Murakami and Hirano, 2008; Haase and Rink, 
2009; Hogstrand et al., 2009). One of the mechanisms by which Zn
2+ transduces intracellular signals is 
by inhibition of protein tyrosine phosphatases, which, for example, is believed to be the molecular 
mechanism behind its insulin-mimetic effect (Haase and Maret, 2003; Miranda and Dey, 2004; Wong et 
al., 2006). Uptake of zinc, as well as its compartmentalisation between tissues and within cells, is 
managed principally by two large and biologically ubiquitous families of zinc transporters, the ZnT 
(SLC30A) family and the ZIP (SLC39A) family, which between them have 24 paralogues in most 
mammals (Feeney et al., 2005). The distinct distribution and activities of these transporters determine 
the distribution of zinc within cells and animals. However, cellular zinc influx may also occur via 
various Ca
2+ channels and probably through some amino acid transporters. 
Dietary zinc has low toxicity to vertebrates (Clearwater et al., 2002; Van Paemel et al., 2010). Some of 
the most sensitive effects of zinc toxicity are impairment of copper and iron uptake with knock-on 
effects on systems depending on these metals (Eid and Ghonim, 1994; Balesaria et al., 2010). There are 
also effects on lipid metabolism and the immune system as zinc is a natural regulator of processes 
involved in these functions. Water-breathing organisms are sensitive to waterborne zinc, with acute 
toxicity concentrations typically being higher than those for metals such as silver, cadmium and copper 
but lower than those for manganese and nickel (McDonald and Wood, 1993). The relatively high risk of 
zinc toxicity to aquatic life has led to its inclusion as a “priority pollutant” by the US Environmental 
Protection Agency (USEPA, 2002). 
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